Primordial black holes (PBHs) are expected to gradually evaporate and then explode violently during the last few seconds of their lives, each one producing a burst of high energy particles. For PBHs evaporating near the Sun (r 1 pc), these particles could be detected in coincidence by several observatories with large fields of view, such as IceCube (neutrinos), HAWC (gamma rays) and Pierre Auger (gamma rays, neutrons and protons). The short temporal structure of the anticipated PBH evaporation signal provides a very low false positive rate for any possible detection. We will present the discovery potential of the Astrophysical Multimessenger Observatory Network (AMON) for PBH evaporation events. AMON aims to discover multimessenger transient sources by performing real-time and archival coincidence searches from multiple observatory subthreshold data streams. In this approach, a distinctive PBH evaporation signature may be probed by conducting coincidence analysis from a few years of subthreshold neutrino, gamma-ray and cosmic ray data. Detection of PBH evaporation events would be a scientific breakthrough confirming Hawking's hypothesis of black hole radiation and cosmological models of phase transitions, and would allow us to probe physics at the highest energy scale as well as quantum gravity. : 95.85.Pw, 95.85.Ry, 04.70.Dy 
Introduction
Primordial Black Holes (PBHs) may have been created from the gravitational collapse of overdense regions in the early universe. The initial masses of PBHs are of the order of the particle horizon mass at the time when they were formed: M H = c 3 t/G [1, 2] . Since the exact time of their creation is unknown, the initial PBH masses could be anywhere within a range which starts at the Planck mass up to the masses of supermassive black holes. Hawking hypothesized in 1974 that black holes of mass M radiate elementary particles with a black body spectrum due to the quantum-gravitational effects taking place in the vicinity of the black hole horizon [3] . The temperature of the black hole of mass M is defined as T BH =1/(8πGM), where c=h=k=1. As the black hole evaporates via Hawking radiation, it loses mass at a rate dM/dt = −α(M)/G 2 M 2 [4] , where the number of degrees of freedom (dof) of each radiated particle is included in the factor α(M). The parameter α(M) is an increasing function of the PBH temperature T BH , which also rises as the evaporation progresses. As soon as T BH reaches the quantum-chromodynamics energy scale of Λ QCD 200 MeV, free quark and gluons will be emitted and fragmented further into hadrons, photons and leptons [5] . The main contribution to the final spectrum of most leptons (neutrinos, electrons and muons) as well as photons is due to these decaying hadrons, rather than due to direct Hawking emission.
The lifetime τ of the non-charged and non-rotating black hole is determined by its initial mass M as: t evap ≈ G 2 M 3 /3α(M). In the standard model of particle physics framework with 128 dof available at low mass, this means that if PBHs formed with the initial mass of ∼ 5 · 10 11 kg, they would be in their final stage of evaporation at the present epoch. The final stage of PBH evaporation is an explosive process resulting in a burst of very-high-energy (VHE; E > 100 GeV) and ultra-high-energy (UHE; E > 100 TeV) particles, which could be seen by detectors on Earth.
The discovery of PBHs would be a scientific breakthrough that confirms the Hawking hypothesis and cosmological models of phase transitions. Further, it would allow us to probe particle physics processes at the highest energy scale, as well as quantum gravity. The fraction of the mass of dark matter that may have initially existed in the form of PBHs could be measured as well.
In this proceeding, we examine sensitivities for detection of neutrinos (the IceCube Neutrino Observatory), gamma rays (HAWC TeV γ-ray Observatory) and cosmic rays (the Pierre Auger Cosmic Ray Observatory) produced by the explosions of PBHs, by using multi-messenger, multifacility approach within the Astrophysical Multimessenger Observatory Network (AMON) framework. For Pierre Auger, we assume that cosmic rays (CRs) detected include protons, neutrons and gamma rays. In addition, deflections of protons due to the extragalactic and galactic magnetic fields can be neglected for Pierre Auger, because this facility is sensitive to PBH evaporation events in the local volume (r 0.001 pc).
The Astrophysical Multimessenger Observatory Network (AMON)
AMON links the world's leading high-energy neutrino, cosmic-ray, gamma-ray and gravitational wave observatories by performing real-time and archival coincidence searches for multimessenger astrophysical sources from observatory subthreshold data streams. The resulting coincidences will be distributed to interested parties in the form of electronic alerts for real-time
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Primordial black hole searches with AMON Gordana Tešić follow-up observation. The main goal of AMON is to probe the high-energy universe via all four fundamental forces of nature. Observatories that already signed the AMON Memorandum of Understanding (MoU) include: the IceCube and ANTARES Neutrino Observatories, the HAWC and VERITAS gamma-ray observatories, the Pierre Auger Cosmic Ray Observatory, the Swift satellite experiment and the MASTER robotic telescope network. More information about the AMON project can be found in Reference [6] and in the other AMON contribution to this conference [7] .
Sensitivities
In this section we quantify the discovery potential of the AMON multi-messenger approach for detection of the individual PBH evaporation events. In particular, we examine a joint search for evidence of gamma-ray, neutrino and CR bursts due to evaporating PBHs in subthreshold data from the HAWC TeV γ-ray observatory, the IceCube neutrino observatory and the Pierre Auger cosmic ray observatory. Subthreshold data, by definition, contain events of low significance and unrecoverable as astrophysical signals in the data stream of any individual facility. But if these low significance events are accompanied by an event from another multi-messenger channel, then jointly these events can achieve high significance, via coincidence analysis of the multiple data streams.
Model predictions
Here we consider the model of a non-rotating, uncharged black hole without a chromosphere by MacGibbon and Webber [5] for calculating the expected signal at each of these experiments. The possible presence of a PBH chromosphere [8, 9] would give a steeper particle spectra making these high-energy experiments not suitable for detection of the PBH bursts. The time-integrated particle spectra above 100 GeV were calculated using methods from [5, [10] [11] [12] . The spectra are depicted in Figure 1 .
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where E D is the energy threshold for a given detector, R(E, θ ) is the detector response function given as a function of zenith angle θ and particle energy, and d 2 N X (E,t)/dEdt is the particle X spectrum from the model. As shown in Figure 2 , HAWC, IceCube and Pierre Auger observatories are sensitive to evaporating PBHs in the local region (r<1.5 pc for the most sensitive zenith angle band for HAWC). The model predictions for HAWC were calculated by assuming background rate of 5.1 kHz with the corresponding effective areas taken from Reference [13] . The muon neutrino effective area for the IceCube 86-string configuration was used [14] . Finally, for Pierre Auger, we assumed an effective area of 100 km 2 in the energy range from 0.1 to 1 EeV, while the standard effective area of 3000 km 2 [15] above 1 EeV was used.
Burst search strategy
The signature burst at a given detector due to an individual PBH explosion consists of two or more particles (gamma rays, neutrinos and CR) arriving from the same direction from the sky and within a short time interval ∆t. The spatial window to identify the burst is set to 3σ . The number of events belonging to a given burst defines the burst size. The total number of bursts of size b that is expected to be observed over a period of observation τ is given by: where V eff (b, ∆t) is the effective volume of space probed by observations and ρ PBH is the PBH density. The total effective volume V eff for all the bursts of sizes b ≥ b th (where b th is the burst size threshold), can be expressed as:
where P(b, N X ) is the Poisson probability of detecting a burst of size b assuming a model-predicted number of events N X due to the particle X (gamma-ray, neutrino or neutron/proton). For multiple experiment searches (where N is the number of experiments), one should replace the burst size b by the vector b of each individual experiment's burst size b i with indices i = 1 to N. In this case, the Poisson probability P(b, N X ) is replaced by the product
More details on calculating the combined effective volume can be found in Reference [6] . A larger ∆t leads to more events detected within a given burst, thus increasing V eff . However, the larger time window also increases the number of background events. Consequently, this would require experiments to impose larger burst size thresholds b th that would decrease V eff . The optimal search time window ∆t needs be chosen in such a way that it maximizes V eff while keeping the background rate low. Therefore, the optimization of ∆t needs to be performed separately for each observatory and for each combination of observatories.
Initially, a set of different ∆t ranging from 0.1 to 100 seconds was selected. Then, for each ∆t, the event thresholds were chosen so that the false alarm rates (FAR) for burst detections were limited to <1 yr −1 . Further, with these preselected thresholds b th , each effective volume was computed as a function of ∆t. Finally, the optimal time windows were selected at those values for which V eff were found to be maximal. The optimal time windows and V eff are tabulated in Table 1 for each single observatory (HAWC, IceCube and Pierre Auger), as well as for the combined searches for any pair of these observatories (HAWC-IceCube, HAWC-Pierre Auger and IceCube-Pierre Auger).
Anticipated detections and limits
Several direct VHE searches for very short (≤30 seconds) gamma-ray bursts due to the evapo-
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Primordial black hole searches with AMON Gordana Tešić rating PBHs have been conducted (e.g., [16] [17] [18] [19] ) with no signal found. The current best upper limit on the number density of the evaporating PBHs (ρ PBH ) have been placed by the Milagro experiment [19] (also shown in Figure 3 ). It is expected that HAWC may give the best VHE constraint from a direct search on the ρ PBH in case of a null PBH burst signal (Figure 3 ). However, HAWC may detect a gamma ray excess from an unknown transient source. In that case, it will be crucial to detect a multimessenger signal in order to distinguish between the PBH evaporation signature and other possible scenarios (GRBs or some other exotic type of transient burst). With just a few joint detections, a unique PBH temporal and spectral evaporation signature may be probed. In the parameter region currently not excluded by the best PBH upper limit of ρ PBH < 4.6 × 10 4 pc −3 yr −1 (at 99.73% CL), there is a possibility of 1-100 joint detections in the gamma-ray plus neutrino channel (HAWC and IceCube) within of one year of observation (see Figure 3) . Due to the small effective volumes, joint detections in the other two channels (gamma-ray plus CR and neutrino plus CR) are less likely, e.g., a few gamma-ray plus CR coincidences may be detected within O(10) of years of joint observations by HAWC and Pierre Auger observatories.
In addition, this analysis is sensitive to various types of short-time scale bursts with a potential to discover other exotic transient sources, if they exist. For example, several models predict primordial relics with harder spectra (e.g., [20] [21] [22] [23] [24] [25] [26] ) that may be detected by the highest-energy observatories such as IceCube and Pierre Auger.
Conclusion
We have examined the discovery potential for joint detections of multimessenger bursts due to evaporating PBHs. In our approach, using subthreshold data from the high-energy observatories such as HAWC, IceCube and Pierre Auger may lead to the discovery of the first PBH evaporation signature within one to a few years of observations. This multimessenger approach is essential to distinguish between bursts due to PBHs and other possible sources, should a positive detection occur. Within the AMON framework, both real-time and archival searches for PBH bursts are planned. This work is in progress.
